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Background-—A patent foramen ovale (PFO) with atrial septal aneurysm (ASA) has been identified as a risk factor for cryptogenic
stroke. Patients with migraine with aura (MA) appear to be at risk for silent brain infarction, which might be related to the presence
of a PFO. However, the association between MA and PFO with ASA has never been reported. We examined this association in a
large observational study.

Methods and Results-—Patients (>18 years) who underwent an agitated saline transesophageal echocardiography (cTEE) at
our outpatient clinics within a timeframe of 4 years were eligible to be included. Before cTEE they received a validated
headache questionnaire. Two neurologists diagnosed migraine with or without aura according to the International Headache
Criteria. A total of 889 patients (mean age 56.4�14.3 years, 41.7% women) were included. A PFO was present in 23.2%, an
isolated ASA in 2.7%, and a PFO with ASA in 6.9%. The occurrence of migraine was 18.9%; the occurrence of MA was 8.1%.
The prevalence of PFO with ASA was significantly higher in patients with MA compared to patients without migraine (18.1% vs
6.1%; OR 3.72, 95% CI 1.86-7.44, P<0.001). However, a PFO without ASA was not significantly associated with MA (OR 1.50,
95% CI 0.79-2.82, P=0.21). Interestingly, a PFO with ASA was strongly associated with MA (OR 2.71, 95% CI 1.23-5.95,
P=0.01).

Conclusion-—In this large observational study, PFO with ASA was significantly associated with MA only. PFO closure studies should
focus on this specific intra-atrial anomaly. ( J Am Heart Assoc. 2016;5:e003771 doi: 10.1161/JAHA.116.003771)
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M igraine is a common neurological disorder and has been
acknowledged as 1 of the most important causes of

disability burden.1 The prevalence of migraine in the population
is 18.5%, and for migraine with aura (MA) 4.4%.2 The peak

prevalence for women is reached in the third decade of life and
thereafter declines with age, whereas the prevalence for men is
virtually flat.3 Migraine seems to be a complex disorder in which
both genetic and environmental factors play an important role.4

The patent foramen ovale (PFO) is a slitlike interatrial
opening that is present in about 27% of the general
population.5 It is 1 of the major causes of a cardiac right-to-
left shunt (RLS). An atrial septal aneurysm (ASA) is a
congenital bulging of the atrial septum involving the fossa
ovalis region. An ASA has been found in 1% to 2.5% of the
general population in large autopsy studies and population-
based studies using echocardiography.5,6

The presence of PFO and ASA has been associated with
cryptogenic stroke.7,8 Patients with migraine with aura (MA)
appear to be at risk for stroke,9,10 which might be related to
the presence of a PFO. However, the association between MA
and PFO with ASA has never been reported.4

We investigated the association of the presence of PFO
with ASA with the occurrence of MA in patients who
underwent an agitated saline transesophageal echocardiog-
raphy (cTEE) at our outpatient clinics.
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Methods

Study Design and Population
All consecutive patients (>18 years) who underwent a cTEE at
the outpatient departments of the University Hospital
Gasthuisberg, Leuven, Belgium and the St. Antonius Hospital,
Nieuwegein, the Netherlands within a timeframe of 4 years
were eligible to be included in the study. All patients received
a Dutch headache questionnaire for the diagnosis of migraine.
The following patients were excluded: patients who did not
undergo an agitated saline examination, patients who did not
complete the headache questionnaire, and patients with an
atrial septal defect (ASD). The patients’ medical history was
retrieved from the medical records. Informed consent was
obtained from all patients, and the ethical committees of the
participating centers approved the study.

Transesophageal Echocardiography
An ultrasonography system with a 5-MHz transducer was
used for transesophageal echocardiography (TEE) examina-
tions. The agitated saline examination was performed by
injection of a bolus of agitated saline solution into a peripheral
vein with and without a provocative maneuver during TEE. A
RLS through a PFO was diagnosed when microbubbles were
detected in the left atrium within 4 cycles after right atrial
opacification with or without a provocative maneuver. The
provocative maneuver was performed by asking the patient to
stop breathing, close his or her mouth and nose, and strain.
After the right atrium was filled with agitated saline, the
patient was asked to release the strain. The shunt size was
measured as previously published and graded as none,
minimal, moderate, or large, based on the maximal amount
of bubbles measured on a still frame.11 An atrial septal
aneurysm (ASA) was defined as a bulging of the atrial septum
of at least 10 mm beyond the plane of the atrial septum into
either the right or left atrium. Experienced independent
physicians who were unaware of the presence of migraine
performed and reviewed the echocardiographic examinations.

Diagnosis of Migraine
As described previously,12 a structured headache question-
naire was composed in such a way that a neurologist could
diagnose MA and migraine without aura (MA�), according to
the criteria of the International Headache Society.13 All
patients received the Dutch questionnaire before undergoing
cTEE. Two independent neurologists who were blinded to the
patients’ files and cTEE results diagnosed MA and MA�.
When there was not a perfect agreement, both neurologists
discussed the case to reach consensus.

In addition, in patients with MA, headache characteristics
were analyzed by means of the headache questionnaire. First,
the duration of headache was recorded. Second, headache
severity was measured on a scale ranging from 0 (no pain) to
10 (very severe pain). Third, the frequency of headache
attacks was noted.

Statistical Analysis
Descriptive statistics were used to describe patient charac-
teristics. Continuous variables were tested on normality and
presented as mean�standard deviation. Median and first
and third quartiles (IQ1 and IQ3) were used when normal
distribution was absent. Percentages were used to report
categorical variables. Univariate and multivariate logistic-
regression analyses were used to estimate the unadjusted
and adjusted odds ratios (OR) and the corresponding 95%
confidence intervals (CI). In the multivariate analyses, the
most significant clinically relevant univariate variables were
included. Kruskal-Wallis tests were performed to analyze any
association between headache characteristics and the atrial
septal anatomic variables in patients with MA. Inter-
observer reliability for the diagnosis of migraine was
evaluated by calculating the j coefficient. The Mann-Whitney
test was performed to analyze any association between
having a PFO with ASA and the degree of right-to-left
shunting.

All tests were 2-sided, and P<0.05 was considered to be
statistically significant. All statistical analyses were performed
using SPSS software (SPSS Inc, version 22.0 for Windows,
IBM Corp, Armonk, NY).

Results

Patient Characteristics
Within the time frame, 2349 patients underwent a TEE at the
outpatient departments of the participating centers. Patients
who did not fully complete the headache questionnaire or did
not understand the Dutch questionnaire (1190), patients who
did not undergo an agitated saline examination (213), and
patients with an ASD (57) were excluded. In total 889 (38%)
patients (mean age 56.4�14.3 years, 41.7% women) were
included in the present study. A flowchart of the patient
inclusion is depicted in Figure. The patient characteristics are
summarized in Table 1.

A PFO was found in 23.2% of the cases; the prevalence
of an isolated ASA was 2.7%. The prevalence of other
atrial septal abnormalities and the occurrence of
migraine are shown in Table 1. The j coefficient for inter-
observer reliability for the diagnosis of migraine was 0.77
(P<0.001).
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Migraine With Aura
In univariate analysis the presence of PFO with ASA,
compared to the absence of an atrial septal anomaly, was
associated with MA (OR 3.72, 95% CI 1.86-7.44, P<0.001). A
PFO without ASA was not significantly associated with MA
(OR 1.50, 95% CI 0.79-2.82, P=0.21), nor was an isolated ASA
(OR 1.48, 95% CI 0.33-6.63, P=0.61) (Table 2).

Additionally, in univariate analysis, female sex and a
younger age were found to be associated with MA (Table 2).
Although atrial fibrillation and hypercholesterolemia were
significant in univariate analysis as well, both are not clinical
relevant for migraine with aura and were therefore left out
multivariate analysis. In an adjusted multivariable model PFO
with ASA appeared to be most strongly associated with MA
(OR 2.71, 95% CI 1.23-5.95, P=0.01). Aside from the
combination of PFO and ASA, both female sex (OR 2.44,
95% CI 1.37-4.34, P=0.002) and age (OR 0.94, 95% CI 0.92-
0.96, P<0.001) were independently associated with MA. There
were no missing values in the multivariate analysis.

Migraine Without Aura
Between patients with MA� and patients without migraine, no
significant difference was found between the presence of an
isolated PFO (13.5% vs 16.4%, P=0.50), isolated ASA (5.2% vs
2.4%, P=0.14) or PFO with ASA (4.2% vs 6.1%, P=0.45)
(Table 2).

Additionally, in univariate analysis, female sex, a younger
age, and using a b-blocker were found to be associated with
MA�. Importantly, atrial septal anatomy was not associated
with MA�. Although atrial fibrillation was significant in

univariate analysis as well, it is not clinically relevant for
migraine and was therefore left out of the multivariate
analysis. In an adjusted multivariable model, female sex (OR
1.83, 95% CI 1.13-2.97, P=0.01) and age (OR 0.97, 95% CI
0.95-0.99, P<0.001) were independently associated with

Figure. Flowchart of patient inclusion. ASD indicates atrial
septal defect; cTEE, transesophageal echocardiography with agi-
tated saline; OPD, outpatient department; TEE, transesophageal
echocardiography.

Table 1. Patient Characteristics, Interatrial Septal Anatomy
and Occurrence of Migraine (MA and MA�)

Patient Population
(n=889)

Patient characteristics

Age (y) �SD 56.4�14.3

Women, n (%) 371 (41.7)

Mean BMI (kg/m2) �SD 26.2�4.5

History

Stroke or TIA, % 34.7

CAD, % 14.2

Diabetes mellitus, % 7.5

Hypertension, % 34.0

Hypercholesterolemia, % 34.3

Smoking, % 31.4

Atrial fibrillation, % 32.8

Medication

Aspirin, % 32.8

Warfarin, % 31.6

b-Blocker, % 42.0

Indication for TEE

Suspicion of endocarditis, % 3.1

Evaluation of valve abnormalities/
prosthesis, %

18.9

Evaluation of cardioembolic source, % 45.1

Evaluation of atrial thrombi pre-PVI/ECV, % 20.2

PFO on cTTE, % 8.5

Other, % 4.2

Interatrial septal anatomy

No PFO, no ASA, n (%) 659 (74.1)

Isolated PFO, n (%) 145 (16.3)

Isolated ASA, n (%) 24 (2.7)

PFO with ASA, n (%) 61 (6.9)

Migraine

Migraine, n (%) 168 (18.9)

Migraine without aura, n (%) 96 (10.8)

Migraine with aura, n (%) 72 (8.1)

ASA indicates atrial septal aneurysm; BMI, body mass index; CAD, coronary artery
disease; cTTE, agitated saline transthoracic echocardiography; ECV, electrical
cardioversion; n, number; PFO, patent foramen ovale; PVI, pulmonary vein isolation; SD,
standard deviation; TEE, transesophageal echocardiography; TIA, transient ischemic
attack.
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MA�. There were 74 missing values in multivariate analysis
(9.1%).

Factors Associated With Migraine With and
Without Aura by Interatrial Septal Anatomy
Between patients with MA and MA�, having a PFO with ASA
was associated with MA (18.1% vs 4.2%, P=0.004). No
significant difference was found between MA and MA� and
isolated PFO (19.4% vs 13.5%, P=0.15) and isolated ASA (2.8%
vs 5.2%, P=0.66).

Additionally, in univariate analysis, younger age was also
associated with MA (Table 2). In an adjusted multivariable
model, having a PFO with ASA was the only factor associated
with MA (OR 4.34, 95% CI 1.10-17.1, P=0.04).

Coumadin
A subgroup analysis was performed excluding all patients
using coumadin or with a history of atrial fibrillation. A total of
527 patients (59.3%) were included in this subgroup analysis.
Only a PFO with ASA was more often found in patients
suffering MA compared to MA� (18.2% vs 5.5%, P=0.02). No
significant difference was found in the presence of an isolated
PFO (20.0% vs 15.1%, P=0.27) or isolated ASA (3.3% vs 5.5%,
P=0.77).

PFO Size
Moderate and severe shunt rates were found in 12.0% and
12.0% for MA and 5.7% and 0% for MA�, respectively
(P=0.007). The shunt rate differs significantly between MA
and patients without migraine (P=0.03). A significantly higher
shunt rate was found in patients with a PFO with ASA when
compared to patients with an isolated PFO (P=0.015)
(Table 3).

Headache Characteristics
The headache characteristics (duration, severity, and fre-
quency of headache attacks) of all patients with MA (n=72) in
relation to the interatrial septal anatomy are summarized in
Table 4. In this grou, we found no correlation between the MA
characteristics and the anatomical variables.

Discussion
To our knowledge this is the first observational study
reporting a strong association between the presence of a
PFO with ASA and the occurrence of MA in a large patient
population referred for TEE.

Association between PFO and MA, the Role of
ASA
Current literature remains discordant as to whether a linkage
exists between PFO and MA. In many observational studie, an
association between PFO and the occurrence of MA has been
found.14 However, other studies found no association
between migraine with or without aura and the presence of
a PFO.15-17

The discordant findings between the positive and negative
studies might be explained in different ways. First, in the
observational studies most patients suffered a symptomatic
PFO, which means a history of a cryptogenic cerebral
ischemic event. In the negative studies patients with these

Table 3. PFO Grade in Patients With M�, MA� and MA

Grade 0, % Grade 1, % Grade 2, % Grade 3, %

M� 80.6 6.8 7.0 5.6

MA� 88.6 5.7 5.7 0.0

MA 60.0 16.0 12.0 12.0

Isolated PFO — 44.4 35.2 20.4

PFO with ASA — 20.7 37.9 41.4

PFO grade, maximum number of microbubbles counted in the left ventricle in 1 still
frame: grade 0 (no microbubbles), grade 1 (1-29 microbubbles), grade 2 (30-100
microbubbles), and grade 3 (>100 microbubbles). ASA indicates atrial septal aneurysm;
M�, no migraine; MA, migraine with aura; MA�, migraine without aura; PFO, patent
foramen ovale.

Table 4. Characteristics of Headache Attacks in Relation to Interatrial Septal Anatomy in Patients With MA (n=72)

No PFO, No ASA
n=43

Isolated PFO
n=14

Isolated ASA
n=2

PFO With ASA
n=13 P Value

Median duration, h (IQ1-IQ3) 4 (1-24) 1.5 (0.8-4) 36 (0.25-72) 24 (1.4-24) 0.51

Median severity score, scale 0 to 10 (IQ1-IQ3) 7 (5-8) 7.5 (6-8) 6.5 (5-8) 7 (6-8) 0.62

Frequency of migraine, n of patients 0.37

≥Once a month 21 9 0 7

≥Once a week 22 5 2 6

Kruskal-Wallis tests were performed to compare headache characteristics between groups. ASA indicates atrial septal aneurysm; IQ, interquartile; MA, migraine with aura; n, number;
PFO, patent foramen ovale.
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“high-risk” PFO’s were excluded, which could have influenced
the findings. Second, 1 of the factors that was most strongly
associated with the occurrence of a cryptogenic cerebral
event is the presence of a combination of a PFO with an ASA.8

Patients with MA appear to be at risk for stroke, which might
be related to the presence of a PFO.9,10 We therefore
hypothesized that the link between the association of PFO
and MA might be the ASA. The negative studies did not
identify this specific anomaly, which might have influenced
their observational results. Indeed, the presence of a PFO
and/or ASA can only be clearly demonstrated by TEE and not
by transthoracic echocardiography (TTE) or transcranial
Doppler (TCD) as used in the negative studies.18

More recently, 2 prospective trials were published. TheMIST
trial compared percutaneous PFO closure and a sham proce-
dure in 147 patients. No improvement of migraine was found
after closure. The PRIMA trial compared percutaneous PFO
closure and pharmacological treatment in 107 patients and did
show a lower frequency of MA in the percutaneous closure
group. The difference in outcome between these trials was
probably due to the patient selection and follow-up time.19,20

Interestingly, in the current study we found no significant
association between PFO without ASA, diagnosed by TEE, and
MA. This is comparable with the negative studies. However,
PFO with ASA was independently strongly associated with MA
(OR 2.7).

Moreover, we found only an association between the
presence of PFO with ASA and the occurrence of MA. No
association was found with MA�. Second, the shunt size was
significantly higher in patients suffering MA.

Pathophysiological Mechanism
The exact pathophysiology for MA is still unknown. A plausible
explanation for the association between PFO and MA seems
to be the “microthrombi hypothesis.” This hypothesis sug-
gests that, in the presence of PFO, microthrombi or emboli
originating in the venous circulation might enter the systemic
and cerebral circulation and trigger a migraine attack. By
shunting from right to left through the PFO, these
microthrombi might bypass the lung filter.21 In situ
microthrombus formation secondary to stasis of blood in
the PFO tunnel might be another source of migraine-triggering
substances. Another study supporting the microthrombi
hypothesis is the study by Mohanty et al describing the
positive effect of AF ablation on migraine symptoms. Further,
they reported that cases with new migraine had a subther-
apeutic INR, which supports the theory that microthrombi
could be associated with migraine.22 After exclusion of
patients using coumadin or with a history of atrial fibrillation,
the presence of a PFO with ASA was still associated with MA
in our study.

Bhaskar et al conclude that cortical spreading depression
is the physiological substrate of MA and probably also of
MA�.23 Because the exact pathophysiology is not clear, the
microthrombi hypothesis is still one of the many hypotheses
for the cause of MA. Although no studies actually prove the
microthrombi hypothesis, several case reports have been
published showing benefit of warfarin in patients suffering
MA.24,25 As mentioned before, we did not find a significant
association between PFO without ASA and MA in our study. A
possible explanation is our finding that PFOs with an ASA
have a higher degree of right-to-left shunting, which supports
our finding that only the presence of PFO with ASA was
significantly associated with the occurrence of MA.

In support of this theory and to clarify it, we believe there
might be a parallel between the pathophysiology of the
association of PFO with ASA and MA on 1 hand and of PFO
with ASA and cryptogenic stroke on the other. Paradoxical
embolism of thrombus through a PFO may be the most likely
pathophysiologic mechanism in young patients with crypto-
genic stroke.26 Moreover, a stronger association with cryp-
togenic stroke has been reported for PFO with ASA as
compared to PFO alone.8 Additionally, it has been observed
that in cryptogenic stroke patients, the risk of recurrent
stroke increased significantly in patients with PFO and ASA
when compared to patients with only a PFO or ASA.27 The
observation that MA patients have a higher lifetime risk for an
ischemic cerebral event compared to the general population
supports the parallel even more.9

In support of the microthrombi hypothesis is the finding
that treatment with high-dose aspirin or oral anticoagulants
might prevent migraine attacks.24,28 We also found a
protective effect of coumadin on the occurrence of MA in
univariate analysis. However, there was no significant differ-
ence in coumadin use between the MA and MA� groups
(P=0.08), probably based on the small sample size. But both
groups were underpowered and different, which makes it
difficult to draw any conclusions.

A relatively high prevalence of CAD, hypertension, hyper-
cholestrolemia, and AF was found. The reason is probably that
there are more men of higher age in this population. We also
found that there is less migraine in patients with higher age as
well as a lower frequency of PFO. These findings are in line
with earlier studies.3,29,30

Limitations
The first limitation of our study is selection bias. All patients
were referred to the cardiologic outpatient department to
undergo cTEEs for different indications, including referral for
ruling out a cardioembolic source. This might have influenced
the prevalence of PFO and ASA. However, we found preva-
lences of PFO and isolated ASA, respectively, of 23% and
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2.7%, which are comparable with those in the general
population.5,6 Second, this study was limited because of a
relatively high rate of exclusion of patients, partially because
they did not undergo an agitated saline examination. When
patients experienced too much discomfort during TEE, we
decided to abandon the agitated saline examination. However,
this is inherent to the semi-invasive character of TEE. A larger
group was excluded because they did not fully complete the
survey or master the Dutch language. This could cause a bias
also because it is not clear whether only patients with a
history of headache agreed to participate. Earlier TTE or TEE
data of these patients were not available. Therefore, compar-
ing the patients who did not undergo TEE to those who did
was not possible.

Conclusion
Only a PFO with ASA is significantly associated with MA in this
large observational study. Further PFO studies should focus
on this specific intra-atrial anomaly.

Disclosures
None.
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